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CONTACT,  RESIDUE,  AND  VAPOR  TOXICITY 

OF  NEW  INSECTICIDES 

TO  STORED-PRODUCT  INSECTS.  III. 


By  Roy  I).  Speirs,  research  entomologist,  U.S.  Grain  Marketing  Research  Center,  Agricultural  Research  Service,  U.S.  De- 
partment of  Agriculture,  Manhattan,  Kans.,  and  Lehman  L.  McDonald,  research  technician,  Stored-Product  Insects 
Research  and  Development  Laboratory,  Agricultural  Research  Service,   U.S.  Department  of  Agriculture,  Savannah,  Go. 

ABSTRACT 

Seventeen  candidate  insecticides  were  evaluated  for  direct-contact,  residue, 
and  vapor  toxicity  to  adults  of  the  confused  flour  beetle,  Tribolium  conjusum 
Jacquelin  duVal,  and  larvae  of  the  black  carpet  beetle,  Attagenus  megatoma 
(Fabricius).  The  most  promising  insecticides  against  both  insect  species  were 
methidathion  and  Shell  SD  9020  for  direct-contact  toxicity;  methyl  parathion 
and  Shell  SD  9020  for  residue  toxicity;  and  Chemagro  4637,  Chemagro  4641, 
Chemagro  4671,  methyl  parathion,  Shell  SD  9020,  and  Virginia  Carolina 
VC  3-668  for  vapor  toxicit}^.  The  most  persistently  effective  insecticide  resi- 
dues were  methidathion,  methyl  parathion,  Rhodia  11783,  Rhodia  11807, 
Shell  SD  9020,  and  Shell  SD  9098. 


INTRODUCTION 

The  Stored-Product  Insects  Research  and  De- 
velopment Laboratory  at  Savannah,  Ga.,  con- 
ducts a  continuous  research  program  on  the 
evaluation  of  promising  new  insecticides  as 
direct-contact,  residue,  and  vapor  toxicants  in  a 
search  for  more  effective,  safer,  and  less  costly 
insecticides  for  protecting  food,  feed,  seed,  and 
other  agricultural  commodities  against  insect 
infestation.  In  preliminary  tests  these  insecticides 
were  evaluated  against  two  representative  species 
of  stored-product  insects,  adults  of  the  confused 
flour  beetle,  Tribolium  conjusum  Jacquelin  duVal, 
and  larvae  of  the  black  carpet  beetle,  Attagenus 
megatoma  (Fabricius).  The  information  obtained 
from  these  tests  is  used  for  selecting  new  insecti- 
cides for  further  evaluation  in  various  other  phases 
of  our  research. 

Tests  on  other  groups  of  compounds  evaluated 
in  this  program  were  reported  in  Marketing 
Research  Report  (MRR)  No.  546  in  1962  :  and 

1  Speirs,  R.  D.  1962.  Contact,  residue,  and  vapor  toxic- 
ity of  new  insecticides  to  stored-product  insects.  U.S. 
Dep.  Agric.  Mark.  Res.  Rep.  No.  546,  31  pp. 


in  MRR  885  in  1970.2  The  candidate  insecticides 
included  in  this  report  and  their  chemical  names 
are  given  in  table  1 . 


T)> 


ROCEDURE 


The  insects  used  in  these  tests  were  7-  to  14-day  - 
old  adults  of  the  confused  flour  beetle  and  3-  to 
5-month-old  larvae  of  the  black  carpet  beetle. 
The  insects  were  reared  under  the  same  conditions 
as  those  described  in  MRR  885. 

Insect-exposure  techniques  were  different  for 
each  test  method;  however,  assessment  of  insect 
response  to  exposure  to  the  candidate  insecticides 
was  the  same.  Insects  that  could  not  walk  or 
remain  in  an  upright  position  were  recorded  as 
inactive  (I),  and  those  that  did  not  move  or  re- 
sponded only  feebly  when  probed  lightly  were 
recorded  as  dead  and  moribund  (D-f-M). 


2  Speirs,  R.  D  and  Lang,  J.  H.  1970.  Contact,  residue, 
and  vapor  toxicity  of  new  insecticides  to  stored-product 
insects.  II.  U.S.  Dep.  Agric.  Mark.  Res.  Rep.  No.  885, 
35  pp. 


Table  1. — Candidate  insecticides 


ENT  No.1 


Company  or  common 
name 


Chemical  name 


27089 American  Cyanamid  Imidocarbonic  acid,  (phosphonodithio-,) -cyclic  propylene  P,P-dimethyl  ester. 

47772. 

25996 Bay  52957 Phosphorothioic    acid,     0-(5-chloro-l,2-benzisoxazol-3-yl)     0,0-diethyl    ester. 

27162 Bromophos Phosphorothioic    acid,     0-(4-bromo-2,5-dichlorophenyl)     0,0-dimethyl    ester. 

25971 Chemagro  4637 Phosphorothioic  acid,  <S-(l,2-dichlorovinyl)  0,0-dimethyl  ester. 

25972 Chemagro  4641 Phosphorothioic  acid,  £-(2,2-dichlorovinyl)  0,0-dimethyl  ester. 

25973 Chemagro  4671 Phosphorothioic  acid,  0,0-dimethyl  £-(1,2, 2-trichloroethyl)  ester. 

27238 Geigy  GS-12968 Phosphorodithioic    acid,    0,0-dimethyl    ester,    S-ester   with   2-ethoxy-4-(mer- 

captomethyl)-A2-l,3,4-thiadiazolin-5-one. 
27193 Methidathion Phosphorodithioic  acid,  0,0-dimethyl  ester,  £-ester  with  4-(mercaptomethyl)- 

2-methoxy-A2-l,3,4-thiadiazolin-5-one. 

17292 Methyl  parathion Phosphorothioate  acid,  0,0-dimethyl  O-(p-nitrophenyl)  ester. 

27144 Niagara  NIA  9227 Phosphorothioic    acid,    0,0-diethyl    ester,    O-ester    with    3-hydroxycoumarin. 

27110 Rhodia  11783 Phosphorodithioic  acid,  0,0-dimethyl  ester,  <S-ester  with  3-(mercaptomethyl)- 

2-benzoxazolinone. 
27111 Rhodia  11807 Phosphorodithioic  acid,  0,0-dimethyl  ester,  S-ester  with  3-(mercaptomethyl)- 

2-benzothiazolinone. 
27116 Shell  SD  9020 Phosphorothioic    acid,    0-[2-chloro-l-(2,4-dichlorophenyl)vinyl]    0,0-dimethyl 

ester. 
27102 Shell  SD  9098 Phosphorothioic     acid,     0-[2-chloro-l-(2,5-dichlorophenyl)vinyl]     O-O-diethyl 

ester. 
27122 Stauffer  R-5762 Phosphorodithioic     acid,     S-(4,6-dimethyl-2-pyrimidinyl)     O-ethyl     O-propyl 

ester. 
27123 Stauffer  R-5763 Phosphorodithioic    acid,    £-(4,6-dimethyl-2-pyrimidinyl)    O-ethyl    O-isopropyl 

ester. 

27184 Virginia  Carolina  Phosphorotrithioic  acid,  O-methyl  <S,S-dipropyl  ester. 

VC  3-668. 

1  Number  assigned  to  compounds  tested  in  Agricultural  Research  Service  entomological  investigations. 


Direct-Contact  Toxicity 

The  direct-contact  toxicity  of  the  candidate 
insecticides  was  determined  by  using  solutions  of 
technical-grade  material  in  a  50-50  mixture  by 
weight  of  Deobase  and  tetrachloroethylene.  These 
preparations  were  applied  to  the  insects  as  settling 
sprays  inside  cylindrical  stainless-steel  towers  in 
the  same  manner  as  that  described  in  MRR  885. 
The  formulations  used  in  the  tests  had  concentra- 
tions of  3.4,  6.8,  and  20.4  mg  of  insecticide  per 
milliliter  of  the  solution,  which  gave  theoretical 
rates  of  application  of  2,  4,  and  11  Mg/cm  2,  re- 
spectively. Malathion  was  the  standard  for 
comparison.  Solvent-treated  insects  were  controls 
in  all  tests. 

The  room  in  which  the  towers  were  located  was 
maintained  at  a  temperature  of  24°  to  27°  C  during 
all  tests.  Four  glass  petri  dishes  of  each  insect 
species  were  exposed  in  each  of  four  towers.  Each 
petri  dish  contained  10  insects. 


After  exposure,  the  insects  were  removed  from 
the  towers  and  transferred  to  clean  petri  dishes. 
The  bottoms  of  the  dishes  containing  flour  beetles 
were  covered  with  kraft  paper.  The  insects  were 
held  for  postexposure  observations  in  a  room  main- 
tained at  27°  ±1°  C  and  a  relative  humidity  of 
60 ±5  percent.  The  inactive,  dead,  and  moribund 
insects  were  counted  at  various  postexposure 
intervals. 

Residue  Toxicity 

The  residue  toxicity  of  the  candidate  insecticides 
was  determined  by  applying  solutions  of  the  in- 
secticides to  paper  and  aluminum  surfaces  and  then 
confining  the  insects  on  the  treated  surfaces  under 
open-end  glass  cylinders  as  described  in  MRR  885. 

The  insecticides  were  formulated  in  acetone  and 
applied  with  an  automatic  blade  applicator.  The 
application  gave  deposit  rates  of  1,  5,  27,  and  54 
Mg/cm2  on  aluminum  surfaces  and  4,  9,  43,  and  86 
Mg/cm2  on  paper  surfaces.  The  rates  of  1,  5,  and 
27  Mg/cm2  on  aluminum  and  4,  9,  and  43  Mg/cm2 


on  paper  surfaces  were  tested  as  1 -day-old  residues. 
The  rates  of  5,  27,  and  54  Mg/cm2  on  aluminum 
surfaces  and  9,  43,  and  86  jug/cm2  on  paper  surfaces 
were  tested  as  28-day-old  residues.  Malathion  was 
the  standard  for  comparison.  Acetone-treated 
sheets  were  controls. 

Separate  sheets  were  used  for  the  initial  and 
aged  tests.  For  aging,  the  sheets  were  attached  to 
fiberboard  panels  and  stored  at  27°  ±1°  C  and  a 
relative  humidity  of  60  ±5  percent.  Forty  insects 
of  each  species  were  exposed  to  residues  from  each 
insecticide  deposit.  The  flour  beetles  were  exposed 
4  and  24  hours  to  the  1-  and  28-day-old  residues, 
respectively.  The  larvae  of  the  black  carpet 
beetle  were  exposed  24  hours  to  both  the  1-  and 
28-day-old  residues.  After  exposure,  the  insects 
were  transferred  to  clean  petri  dishes.  The  bottoms 
of  the  dishes  that  contained  flour  beetles  were 
covered  with  kraft  paper.  The  inactive,  dead,  and 
moribund  insects  were  counted  at  various  post- 
exposure intervals.  Exposure  and  postexposure 
tests  were  conducted  in  a  room  maintained  at 
27°  ±1°  C  and  a  relative  humidity  of  60  ±5 
percent. 

Vapor  Toxicity 

The  vapor  action  of  the  experimental  compounds 
was  determined  in  1 -quart  jars  as  described  in 
MRR  885.  The  tests  were  conducted  in  a  room 
maintained  at  27°  ±  1°  C  and  a  relative  humidity  of 
60 ±5  percent.  The  candidate  insecticides  were 
formulated  in  acetone  at  25  mg  active  ingredient 
per  milliliter  of  solution.  Four  milliliters  were 
introduced  into  each  test  jar.  The  jar  was  rolled 
on  its  side  to  spread  the  chemical  on  the  inside 
surface,  giving  a  rate  of  application  of  215  Mg/cm2. 
Malathion  and  lindane  were  standards  for  com- 
parison, and  acetone-treated  jars  were  checks. 
To  allow  the  solvent  to  escape,  the  jars  were 
stored  open  for  4  hours  before  making  the  ex- 
posures. Four  replicate  jars  were  tested  for  each 
insecticide  for  each  insect  species.  Ten  insects 
were  exposed  in  each  jar.  The  number  of  inactive, 
dead,  and  moribund  insects  was  determined  at 
various  intervals  of  exposure. 

RESULTS 

The  results  of  these  evaluations  of  direct- 
contact,  residue,  and  vapor  toxicity  against 
adults  of  the  confused  flour  beetle  and  larvae  of 
the  black  carpet  beetle  are  presented  in  tables  2 
through    7.    No   mortality    occurred    among    the 


untreated  insects.  American  Cyanamid  47772  was 
not  tested  against  adults  of  the  confused  flour 
beetle  because  it  showed  little  or  no  toxicity  in 
exploratory  tests  against  this  species. 

Direct-Contact  Toxicity 

As  direct-contact  toxicants,  methidathion  and 
Shell  SD  9020  were  more  effective  against  both 
species  than  malathion  (table  2).  The  toxicity 
of  methyl  parathion  and  Rhodia  11807  was 
greater  than  that  of  malathion  against  adults  of 
the  confused  flour  beetle.  American  Cyanamid 
47772  and  bromophos  were  more  toxic  than 
malathion  to  larvae  of  the  black  carpet  beetle. 

Residue  Toxicity 

The  exposures  of  adults  of  the  confused  flour 
beetle  to  paper  surfaces  at  1  day  and  28  days 
after  application  and  to  aluminum  surfaces  1  day 
after  application  showed  that  residues  of  methyl 
parathion  and  Shell  SD  9020  were  more  effective 
than  residues  of  the  other  compounds  tested 
(tables  3-5).  Results  of  tests  with  adults  of  the 
flour  beetle  on  aluminum  surfaces  showed  that 
the  most  persistent  residues  were  those  of  methi- 
dathion, methyl  parathion,  Rhodia  11783,  Rhodia 
11807,  and  Shell  SD  9098  (table  6). 

Exposures  of  black  carpet  beetle  larvae  to 
1 -day-old  residues  of  the  various  compounds  on 
paper  showed  that  residues  of  Geigy  GS-12968 
produced  the  highest  mortalities  (table  3).  On 
aluminum  surfaces,  residues  of  American  Cyanamid 
47772,  bromophos,  methyl  parathion,  Rhodia 
11783,  Shell  SD  9020,  and  Shell  SD  9098  were 
similar  to  malathion  in  toxicity  to  larvae  of  the 
black  carpet  beetle  (table  4).  Results  of  tests  of 
aged  residues  showed  that  methidathion,  methyl 
parathion,  and  Shell  SD  9020  were  the  most 
effective  as  persistent  residues  on  paper  surfaces 
(table  5),  and  American  Cyanamid  47772,  Geigy 
GS-12968,  Rhodia  11783,  and  Rhodia  11807 
were  the  most  effective  as  persistent  residues  on 
aluminum  surfaces  (table  6). 

Vapor  Toxicity 

Several  candidate  insecticides  showed  high 
vapor  toxicity  to  adults  of  the  confused  flour 
beetle  and  to  larvae  of  the  black  carpet  beetle. 
Those  that  showed  the  greatest  effectiveness 
against  both  species  were  Chemagro  4637,  Chem- 
agro  4641,  Chemagro  4671,  methyl  parathion, 
Shell  SD  9020,  and  Virginia  Carolina  VC  3-668 


(table  7).  Bromophos  was  more  effective  than 
malathion  against  adults  of  the  flour  beetle,  but 
not    against   larvae   of   the   black   carpet   beetle. 

CONCLUSIONS 

The  results  will  enable  researchers  studying 
control  of  stored-product  insects  on  specific 
commodities  to  select  those  insecticides  that 
show  the  most  promise  in  a  particular  type  of 
action.  The  candidate  insecticides  considered 
highly  promising  on  the  basis  of  their  toxicity  to 
the  two  species  of  insects  tested  are  methidathion, 
methyl  parathion,  and  Shell  SD  9020.  For  situa- 
tions in  which  insecticide  vapors  may  be  the  best 
method  (in  enclosed  space  such  as  chests,  crates, 


and  tight  buildings,  or  as  grain  protectants), 
further  tests  with  Chemagro  4637,  Chemagro 
4641,  Chemagro  4671,  methyl  parathion,  Shell 
SD  9020,  and  Virginia  Carolina  VC  3-668  should 
be  considered.  Other  factors,  in  addition  to 
toxicity  to  the  insects,  may  be  important  in 
selecting  materials  for  further  testing.  These 
factors  include  mammalian  toxicity,  fate  of 
residues,  and  the  commercial  po.mtial  of  the 
chemical. 
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Table  2. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D-\-M)  confused  flour  beetle  adults  and  black 
carpet  beetle  larvae  after  a  ji-hour  exposure  to  a  candidate  insecticide  in  aerosol  form 


Insecticide 


Intended 
deposit 

(jug/cm2) 


Percent  of  confused  flour  beetle  adults     Percent  of  black   carpet  beetle  larvae 
affected — ■  affected — 


24  hours 

after  120  hours  after  exposure 

exposure 


1 


D  +  M 


24  hours 

after  336  hours  after  exposure 

exposure 


I 


I 


D  +  M 


American  Cyanamid 
47772 

Bay  52957 

Bromophos 

Chemagro  4637 

Chemagro  4641 

Chemagro  4671 

Geigy  GS-12968 

Malathion  ' 

See  footnote  at  end  of  table. 

1 


11.0 
4.  0 
2.0 


11.0 
4.0 
2.0 

11.0 
4.0 
2.0 

11.0 
4.0 
2.0 

11.0 
4.0 
2.0 

11.0 
4.0 
2.0 

11.0 
4.0 
2.0 

2.0 


97 

11 
0 

100 

33 

0 

97 

20 

0 

93 

41 

3 

100 

31 

0 

100 
94 
67 

74 


94 

11 

0 

100 

25 
0 

95 

18 
0 

94 
34 

5 

96 

25 

0 

100 
90 
60 

66 


87 

10 

0 

98 

25 

0 

95 

16 

0 

92 

34 

5 

94 

24 

0 

95 
80 
49 

60 


100 
100 
100 

100 
100 
100 

100 
98 
91 

100 
70 
26 

100 
57 
29 

100 

70 
21 

100 
100 
100 

100 


100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
49 
19 

100 
41 
21 

100 
63 
21 

100 
100 
100 

100 


86 
80 
73 

53 
61 
50 

72 
73 
68 

49 

30 

9 

51 
30 

12 

67 
38 

16 

78 
63 

48 

64 


Table  2. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D-\-M)  confused  four  beetle  adults  and  black 
carpet  b  'w  after  a  ji-hour  exposure  to  a  candidatt  insecticide  in  aerosol  form — Continued 


Intended 
deposit 
(Mg/cm2) 

Percent  of  confused  flour  beetle  adults 
a  ITcctcd — 

Percent  of 

alack   carpet  beetle  larvae 
affected — 

Insecticide 

24  hours 

after 
exposure 

I 

120  hours  after 

exposure 

24  hours 

after 

exposure 

I 

336  hours  after 

exposure 

I 

D  +  M 

I 

D  +  M 

Methidathion 

11.0 
4.0 
2.0 

100 
98 
90 

100 
95 
85 

100 

01 
7G 

100 
100 
100 

100 
100 
100 

02 
86 
75 

Mcthvl  parathion 

11.0 
4.0 
2.0 

100 

mo 
100 

100 
100 
100 

100 
100 

100 

100 
100 
100 

100 
100 
100 

44 
35 
32 

Niagara  NIA  9227 

11.0 
4.0 
2.0 

ss 
60 
24 

Sit 
62 
21 

89 

02 
21 

100 
100 

99 

100 
100 

00 

(is 
07 
:,4 

Rhodia  11783__   ...   - 

11.0 

93 

7  s 
64 

92 

7:', 
55 

88 

04 

51 

100 
100 
100 

100 
100 
100 

87 

4.0 
2.0 

68 

.is 

Rhodia  11807-- 

11.0 

100 
98 
87 

100 
94 

S2 

02 
82 
69 

89 
84 

75 

OS 

so 
70 

7:-; 

4.0 
2.0 

00 

Shell  SD  9020 

11.0 

100 

100 
100 

100 
100 
100 

99 

98 
02 

100 

100 

99 

100 
100 
100 

so 

4.0 
2.0 

84 

77 

Shell  SD  9098 

11.  0 

100 

77 

2* 

100 
74 
26 

100 
70 
23 

OS 

26 
13 

100 
55 

4  4 

78 

4.0 
2.  0 

4  7 
4  1 

Stauffer  R-5762 

LI.  ii 
4.0 
2.0 

0 

o 

48 
2 
0 

:;o 

2 

O 

100 
41 
36 

100 

24 
20 

SO 
s 
5 

Stauffer  R-5763 

11.0 
4.0 
2.0 

67 

i 
o 

62 

0 

0 

58 
O 

0 

100 
55 
34 

100 
51 
32 

72 
24 
25 

Virginia  Carolina 
VC  3-668 

11.0 
4.  0 
2.  0 

100 

31 

0 

100 

51 

0 

94 

4  7 
0 

100 

00 
02 

100 

100 

83 

os 
70 
;.i 

1  Malathion  data  are  the  averages  from  8  tests. 


Table  3. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D-\-M)  insects  among  conjused  flour  beetle 
adults  exposed  4  hours  and  black  carpet  beetle  larvae  exposed  24  hours  to  paper  surfaces  1  day  after  a 
candidate  insecticide  had  been  applied  to  the  paper  surface 


Rate  of 

application 

Ug/cm2) 

Percent  of  confused  flour  beetle  adults 
affected — 

Percent  of  black  carpet  beetle  larvae 
affected — 

Insecticide 

24  hours 

after 
exposure 

I 

120  hours  after  exposure 

24  hours 

after 
exposure 

I 

168  hours  after  exposure 

I                  D  +  M 

I                  D  +  M 

American  Cyanamid 
47772 

Bay  52957 

Bromophos 

Chemagro  4637 

Chemagro  464 1 

Chemagro  4671 

Geigy  GS-12968 

Malathion  ' 

Methidathion 

Methyl  parathion .  _ 
Niagara  NI A  9227.. 
Rhodia  11783 


43.  0 

9.  0                   .. 

4.  0 

43.0 

22 

18 

18 

9.0 

0 

n 

0 

4.0 

0 

n 

1) 

43.  0 

100 

100 

100 

9.0 

60 

55 

42 

4.0 

2 

2 

2 

43.0 

18 

12 

12 

9.0 

ii 

0 

0 

4.0 

0 

0 

0 

43.  0 

ii 

ii 

ii 

9.0 

(i 

0 

li 

4.0 

n 

0 

0 

43.0 

100 

98 

98 

9.0 

30 

28 

28 

4.0 

0 

5 

5 

43.0 

2 

2 

2 

9.0 

35 

25 

25 

4.0 

18 

12 

12 

43.  0 

87 

84 

70 

9.0 

71 

(17 

(il 

4.0 

40 

35 

■M 

43.0 

85 

70 

65 

9.  0 

65 

60 

55 

4.  0 

65 

48 

40 

43.  0 

100 

100 

100 

9.0 

100 

100 

100 

4.0 

85 

100 

100 

43.  0 

0 

(1 

II 

9.0 

0 

2 

2 

4.0 

n 

2 

2 

43.0 

i) 

II 

n 

9.0 

n 

II 

ii 

4.0 

i) 

II 

(I 

100 
100 

72 

100 

100 

90 

100 
92 

52 

50 
5 

0 

28 
8 

2 

100 
32 

5 

100 
100 
100 

100 

100 

93 

100 
100 
100 

100 
100 
100 

35 
65 
40 

58 

58 
30 


100 

100 

62 

95 

100 

90 

100 

100 

82 

45 

15 
0 

30 
5 

2 

100 
32 
12 

100 
100 
100 

100 

100 

90 

100 
100 
100 

100 
100 
100 

40 
82 

48 

60 

58 
38 


45 
38 
22 

12 
35 

22 

48 
40 
28 

15 
8 
0 

12 

2 
2 

22 

18 
10 

68 

82 
75 

57 
46 
32 

58 
35 
20 

35 
30 
20 

20 
38 
20 

32 
30 
25 


See  footnote  at  end  of  table. 


Table  3. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D+M)  insects  among  confused  flour  beetle 
adults  exposed  4  hours  and  black  carpet  beetle  larvae  exposed  24  hours  to  paper  surfaces  1  day  after  a 
candidate  insecticide  had  been  applied  to  the  paper  surface — Continued 


Insecticide 


Rate  of 

application 

(ng/cm2) 


Percent  of  confused  flour  beetle  adults 
affected — 


24  hours 

after 
exposure 


120  hours  after  exposure 


Percent  of  black  carpet  beetle  larvae 
affected — 


24  hours 

after 
exposure 


168  hours  after  exposure 


D  +  M 


D+M 


Rhodia  11807_ 


43.0 
9.0 
4.0 


15 
15 
0 


25 

35 

2 


is 
30 

2 


Shell  SD  9020. 


43.  0 
9.0 
4.0 


100 
100 


100 

100 

92 


'.IS 

•is 
xr, 


100 
95 

is 


100 
98 

(12 


r,.-, 

28 


Shell  SD  9098. 


43.  0 
9.0 
4.0 


sr, 
5 
(i 


i  Hi 
n 
ii 


5S 
o 
(i 


100 

18 

2 


100 
18 

Id 


15 
2 


Stauffer  R-5762. 


43.0 
9.0 
4.0 


•.hi 
12 

;,il 


si  I 
30 

•is 


:,2 

IS 

22 


Stauffer  R-5763. 


43.0 
9.0 
4.0 


si  I 
32 

2S 


so 
32 

2S 


42 
IS 

12 


Virginia  Carolina 
VC  3-668 


43.0 
9.0 
4.0 


3(1 
0 
0 


25 
0 
0 


2.". 
(I 
(I 


100 

40 

2 


100 
25 


.-,(! 
s 
5 


1  Malathion  data  are  the  averages  from  10  tests. 


Table  4. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D+M)  insects  among  confused  flour  beetle 
adult*  exposed  for  A  hours  and  black  carpet  beetle  larvae  exposed  for  2L  hours  to  aluminum  surfaces  1  day 
after  a  candidate  insecticide  had  been  applied  to  the  aluminum  surface 


Rate  of 

application 

(Mg/cm2) 

Percent  of  confused  flour  beetle  adults 
affected — 

Percent  of  black  carpet  beetle  larvae 
affected — 

Insecticide 

24  hours 

after 
exposure 

I 

120  hours  after  exposure 

24  hours 

after 
exposure 

I 

168  hours  after  exposure 

I                  D  +  M 

I                  D  +  M 

American  Cyanamid 
47772 

Bay  52957 

Bromophos 

Chemagro  4637 

Chemagro  4641 

Chemagro  4671 

Geigy  GS-12968 

Malathion  ' 

Methidathion 

Methyl  parathion 

Niagara  NIA  9227. .. 

Rhodia  11783 


See  footnote  at  end  of  table. 


27.  0 

5.0 . 

1.0 

27.  0 

100 

100 

100 

5.0 

90 

88 

82 

1.0 

55 

40 

40 

27.0 

100 

100 

100 

5.0 

100 

100 

95 

1.0 

75 

75 

70 

27.0 

0 

0 

0 

5.0 

0 

0 

0 

1.0 

0 

0 

0 

27.0 

1! 

2 

2 

5.0 

0 

0 

0 

1.0 

0 

0 

0 

27.0 

'.10 

82 

82 

5.0 

0 

0 

0 

1.0 

0 

0 

0 

27.0 

4r, 

45 

35 

5.0 

IS 

8 

8 

1.0 

18 

is 

18 

27.0 

100 

100 

100 

5.0 

100 

99 

97 

1.0 

90 

84 

77 

27.0 

100 

100 

92 

5.0 

92 

88 

7:, 

1.0 

S2 

70 

62 

27.0 

100 

100 

100 

5.0 

100 

100 

100 

1.0 

100 

100 

100 

27.0 

12 

20 

15 

5.0 

12 

15 

15 

1.0 

0 

0 

0 

27.0 

100 

100 

95 

5.0 

60 

62 

60 

1.0 

0 

5 

5 

100 
100 
100 

100 

100 

98 

100 

100 

82 

n 
0 

0 

0 
0 

0 

100 
0 

(I 

100 
100 
100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

40 

78 
88 

98 
48 
50 


100 
100 
100 

98 

95 

100 

100 

100 

82 

0 
0 
0 

0 
0 

0 

100 

0 
0 

100 

90 

100 

100 
100 
100 

100 
100 
100 

100 
100 
100 

60 
92 
90 

100 
75 
55 


42 

60 
60 

12 
20 
22 

62 
45 
38 

0 
0 
0 

0 
0 
0 

35 
0 
0 

45 
45 
58 

63 
61 
45 

30 
40 
32 

63 
42 
43 

32 
35 

40 

78 
45 
38 


Table  4. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D+M)  insects  an,.  fused  flour  beetle 

adults  i  xposedfor  4  hours  and  black  carpet  bet  tie  larvae  t  xpost  dfor  2.',  hours  to  alum  in  um  surjact  s  /  day 
after  a  candidate  insecticide  had  been  applied  to  the  alum  in  tun  surface — Continued 


Insecticide 


Rate  of 

application 

(jug/cm2) 


Percent  of  confused  flour  beetle  adults 
affected — 


24  hours 
after 

exposure 

I 


120  hours  after  exposure 


D  +  M 


Percent  of  black  carpel   beetle  larvae 
a  fleeted — 


24  hours 

after 
exposure 

I 


168  hours  after  exposure 


D  +  M 


Rhodia  11807. 


Shell  SD  9020. 


Shell  SD  9098. 


Stauffer  R-5762. 


Stauffer  R-5763. 


Virginia  Carolina 
VC  3-668 


27.  0 

98 

100 

98 

52 

78 

?,2 

5.0 

22 

28 

28 

65 

55 

50 

1.  0 

0 

0 

0 

12 

20 

18 

27.  0 

100 

100 

100 

100 

100 

60 

5.0 

100 

100 

100 

100 

100 

62 

1.  0 

95 

95 

88 

72 

72 

48 

27.  0 

100 

100 

100 

100 

100 

58 

5.  0 

100 

100 

90 

100 

100 

7,2 

1.  0 

75 

52 

45 

88 

72 

40 

27.  0 

100 

100 

100 

100 

100 

45 

5.0 

70 

62 

48 

100 

100 

48 

1.0 

5 

2 

0 

92 

95 

28 

27.  0 

100 

100 

98 

100 

100 

42 

5.  0 

68 

42 

35 

98 

100 

40 

1.0 

0 

0 

0 

68 

68 

46 

27.0 

72 

82 

82 

62 

68 

30 

5.0 

0 

0 

0 

0 

0 

0 

1.  0 

'J 

0 

0 

0 

0 

0 

1  Malathion  data  are  the  averages  from  10  tests. 


Table  5.— Percentage  of  inactive  (I)  or  dead  and  moribund  (D+M)  insects  among  confused  flour  beetle 
adults  and  black  carpet  beetle  larvae  exposed  for  24  hours  to  paper  surfaces  28  days  after  a  candidate 
insecticide  had  been  applied  to  the  paper  surface 


Insecticide 


Rate  of 

application 

(Mg/cm2) 


Percent  of  confused  flour  beetle  adults 
affected — 


Percent  of  black  carpet  beetle  larvae 
affected — 


24  hours 

after 
exposure 


120  hours  after  exposure 


D+M 


24  hours 

after 
exposure 


American  Cyanamid 
47772 

Bay  52957 

Bromophos 

Chemagro  4637 

Chemagro  4641 

Chemagro  4671 

Geigy  GS-12968 

Malathion  ' 

Methidathion 

Methyl  parathion 

Niagara  NIA  9227.... 

Rhodia  11783 


See  footnote  at  end  of  table. 


86.  0  ... 

43.0 

9.  0 

86.0 

92 

92 

92 

43.0 

12 

10 

8 

9.0 

0 

0 

0 

86.  0 

98 

98 

98 

43.0 

80 

82 

82 

9.0 

(i 

(I 

0 

86.0 

u 

0 

(I 

43.0 

0 

0 

() 

9.0 

u 

II 

ii 

86.0 

0 

n 

ii 

43.0 

0 

U 

ii 

9.  0 

0 

n 

n 

86.0 

(1 

H 

ii 

43.0 

II 

(I 

n 

9.0 

II 

(I 

n 

86.0 

85 

82 

75 

43.0 

82 

80 

70 

9.0 

0 

0 

0 

86.0 

100 

100 

100 

43.  0 

97 

94 

91 

9.  0 

22 

20 

19 

86.  0 

100 

100 

100 

43.  0 

95 

100 

98 

9.  0 

2 

5 

5 

86.0 

100 

100 

100 

43.0 

100 

100 

100 

9.0 

100 

100 

100 

86.0 

(i 

0 

0 

43.0 

ii 

2 

2 

9.  0 

(i 

0 

0 

86.  0 

22 

22 

20 

43.0 

42 

38 

38 

9.0 

15 

18 

12 

20 
2 
2 

100 

100 

35 

100 
52 


(I 
0 

ii 

0 
0 
0 

(I 
II 
II 

92 
95 
25 

100 
95 
26 

100 

100 

38 

100 
100 

100 

15 
22 
10 

25 
70 

12 


168  hours  after  exposure 


D+M 


12 
5 
2 

100 

100 

15 

100 

50 

5 

0 

0 

o 

0 
0 
0 

0 

II 

0 

92 
95 
25 

100 
92 
23 

100 
100 

28 

100 
100 
100 

12 
28 
10 

25 
68 
15 


0 
0 
2 

45 
50 


55 

28 

2 

0 
0 
0 

0 
0 
0 

0 
0 
0 

42 

35 

5 

54 

38 
11 

62 
60 

12 

58 
65 
62 

10 
12 
10 

18 
18 
12 


10 


Table  5. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D-\-M)  insects  among  confused  four  beetle 
adults  and  black  carpet  beetle  larvae  exposed  for  24  hours  to  paper  surfaces  28  days  after  a  candidate 
insecticide  had  been  applied  to  the  paper  surface — Continued 


Rate  of 

application 

(Mg/cm2) 

Percent  of  confused  flour  beetle  adults 
affected — 

Percent 

of  b 

lack  carpet  beetle  larvae 
affected — 

Insecticide 

24  hours 

after 
exposure 

I 

120  hours  after 

exposure 

24  hours 

after 
exposure 

I 

168  hours  after 

exposure 

I 

D+M 

I 

D  +  M 

Rhodia  11807 

86.0 
43.0 

75 

TO 

72 
Til 

72 

2', 

is 

30 

22 

30 

IS 

9.0 

n 

ll 

n 

(i 

n 

0 

Shell  SD  9020 

86.0 
43.0 

100 
100 

100 

Kid 

100 
100 

100 
92 

100 

s;, 

v, 

60 

9.0 

'.(•J 

92 

92 

18 

is 

12 

Shell  SD  9098 

86.0 
43.0 

100 
85 

100 
85 

100 
85 

80 
22 

82 

2S 

3^ 

20 

9.0 

n 

ii 

ii 

ii 

ll 

0 

Stauffer  R-5762 

86.0 

'.ill 

S2 

82 

sr, 

sr, 

is 

43.0 

is 

if, 

L5 

r,.-, 

:,s 

35 

9.0 

II 

u 

ii 

20 

in 

8 

Stauffer  R-5763 

86.0 

15 

IS 

L5 

40 

32 

15 

43.0 

2 

2 

2 

15 

L5 

12 

9.0 

ii 

(i 

() 

II 

ii 

0 

Virginia  Carolina 

VC  3-668 

86.0 

n 

n 

0 

II 

ii 

(1 

43.  0 

u 

0 

(I 

II 

(i 

0 

9.0 

n 

0 

n 

(I 

0 

(1 

Malathion  data  are  the  averages  from  10  tests. 
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Table  6. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D+M)  insects  among  confused  flour  beetle 
adults  and  black  carpet  beetle  larvae  exposed  for  24  hours  to  aluminum  surfaces  28  days  after  a  candidate 
insecticide  had  been  applied  to  the  aluminum  surface 


Insecticide 


Rate  of 


Percent  of  confused  flour  beetle  adults        Percent  of  black  carpet  beetle  larvae 
affected —  affected — 


application        24  hours  24  hours 

(Mg/cm2)  after  120  hours  after  exposure  after  168  hours  after  exposure 

exposure  exposure 


I 


D+M 


I 


I 


D  +  M 


Am  erican  Cyanamid 
47772 

Bay  .52957 

Bromophos 

Chemagro  4637 

Chemagro  4641 

Chemagro  4671 

Geigy  GS-12968 

Malathion  ' 

Methidathion 

Methyl  parathion 

Niagara  NIA  9227.  . 

Rhodia  11783 


See  footnote  at  end  of  table. 


54.  0 

27.  0 

.5.0 

54.0 

100 

100 

100 

27.0 

78 

78 

78 

.5.0 

2 

2 

2 

54.  0 

02 

92 

92 

27.0 

0 

0 

0 

.5.  0 

0 

0 

0 

54.0 

0 

0 

0 

27.0 

0 

0 

0 

5.0 

0 

0 

0 

54.  0 

0 

0 

0 

27.  0 

0 

0 

0 

5.0 

0 

0 

0 

54.  0 

0 

0 

0 

27.0 

0 

0 

0 

.5.  0 

0 

0 

0 

54.  0 

98 

98 

95 

27.0 

OS 

98 

98 

5.0 

.-,11 

50 

50 

54.0 

100 

100 

100 

27.0 

94 

95 

94 

5.0 

0 

0 

0 

54.0 

100 

100 

100 

27.0 

100 

100 

98 

5.0 

0 

0 

0 

54.  0 

100 

100 

100 

27.0 

100 

100 

100 

5.0 

0 

0 

0 

54.0 

42 

52 

52 

27.0 

62 

62 

52 

5.0 

52 

55 

55 

54.  0 

100 

100 

100 

27.0 

95 

95 

95 

5.0 

75 

78 

75 

100 
100 

45 

100 

100 
0 

88 

18 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

100 

98 
40 

100 
99 

12 

100 

100 

0 

100 

88 

2 

42 
48 
68 

100 

100 

82 


100 

100 

45 

100 

100 

0 

98 

22 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

100 
90 
40 

100 

98 
12 

100 

100 

0 

100 

85 
2 

60 
75 
70 

100 

100 

88 


65 

40 
30 

30 

28 

0 

52 

12 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

58 
40 
18 

55 

44 
4 

45 

45 

0 

60 

50 

0 

20 
15 
12 

72 
52 
15 
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Table  6. — Percentage  of  inactive  (I)  or  dead  and  moribund  (D  +  M)  insects  among  confused  flour  beetle 
adults  and  black  carpet  beetle  larvae  exposed  for  2J+  hours  to  aluminum  surfaces  28  days  after  a  candidate 
cticide  had  been  applied  to  the  aluminum  surface — Continued 


Rate  of 

application 

Ug/cm2) 

Percent  of  confused  flour  beetle  adults 
affected — 

Percent  of  b 

ack  carpet  beetle 
affected — 

larvae 

Insecticide 

24  hours 

after 
exposure 

I 

120  hours  after 

exposure 

24  hours 

after 
exposure 

I 

168  hours  after 

exposure 

I 

D  +  M 

I 

D  +  M 

Rhodia  11S07        

54.  0 
27.0 

100 
100 

100 
100 

100 
100 

68 

70 

72 
80 

48 

52 

5.0 

80 

75 

75 

48 

52 

■12 

Shell  SD  9020 

54.  0 
27.0 

100 
28 

100 
34 

100 
34 

100 

18 

100 
20 

80 

15 

5.0 

0 

0 

0 

0 

0 

0 

Shell  SD  9098 

54.  0 
27.  0 

100 
100 

100 
100 

100 
100 

100 
78 

100 
78 

78 

48 

5.0 

0 

0 

0 

0 

0 

0 

Stauffer  R-5762 

54.  0 

100 

100 

100 

100 

100 

62 

27.  0 

90 

85 

85 

100 

100 

45 

5.  0 

0 

0 

0 

2 

2 

2 

Stauffer  R-5763 

54.0 

100 

100 

100 

100 

100 

50 

27.0 

85 

20 

IS 

50 

50 

IS 

5.0 

0 

0 

0 

5 

5 

5 

Virginia  Carolina 

VC  3-668 

54.0 

2 

2 

2 

0 

0 

0 

27.  0 

(I 

0 

0 

0 

0 

0 

5.  0 

0 

0 

0 

0 

0 

0 

Malathion  data  are  the  averages  from  10  tests. 
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Table  7. — Percentage  of  inactive  (I)  or  dead  and  moribund  {D+M)  insects  among  confused  flour  beetle 
adidts  and  black  carpet  beetle  larvae  exposed  to  vapors  of  a  candidate  insecticide  applied  at  215  ng/cm2 
in  1 -quart  mason  jars 


Insecticide 


Percent  of  confused  flour  beetle  adults 
affected  after  exposure  for — 


Percent  of  black  carpet  beetle  larvae 
affected  after  exposure  for — 


24  hours 
I 


120  hours 


D  +  M 


24  hours 

I 


360  hours 


D  +  M 


American  Cyanamid  47772 0 

Bay  52957 0  0  0  82 

Bromophos 0  95  82  0 

Chemagro  4637 100  100  100  100 

Chemagro  4641 100  100  100  100 

Chemagro  4671 100  100  100  98 

Geigy  GS-12968 0  20  18  5 

Lindane1 99  100  100  99 

Malathion1 1  67  38  23 

Methidathion 0  18  10  25 

Methyl  parathion 72  100  100  100 

Niagara  NI A  9227 0  0  0  0 

Rhodia  11783 0  0  0  0 

Rhodia  11807 0  0  0  0 

Shell  SD  9020 100  100  100  100 

Shell  SD  9098 0  10  8  2 

Stauffer  R-5762 0  2  0  0 

Stauffer  R-5763 0  0  0  0 

Virginia  Carolina  VC  3-668 100  100  100  98 


0 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
52 
25 
0 
100 
100 
100 
100 
100 


0 

65 

68 

100 

100 

70 

52 

99 

77 

70 

86 

20 

5 

0 

88 

72 

63 

52 

100 


1  Lindane  and  malathion  data  are  the  averages  from  10  tests. 
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This  publication  reports  research  involving  pesticides.  It  does  not  contain  recommendations 
for  their  use,  nor  does  it  imply  that  the  uses  discussed  here  have  been  registered.  All  uses  of 
pesticides  must  be  registered  by  appropriate  State  and/or  Federal  agencies  before  they  can 
be  recommended. 


FOLLOW   THE   LABEL 


U  i   0(F*ltMlHT  01  AGIKUHUIl 


CAUTION:  Pesticides  can  be  injurious  to  humans,  domestic  animals,  beneficial  insects, 
desirable  plants,  and  fish  or  other  wildlife — if  they  are  not  handled  or  applied  properly.  Use 
all  pesticides  selectively  and  carefully.  Follow  recommended  practices  for  the  disposal  of 
surplus  pesticides  and  pesticide  containers. 


11 


U.S.    GOVERNMENT  PRINTING   OFFICE:  1975 


